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POLY (FLUOROORGANOPHOSPHAZENES)

ABSTRACT

Novel cyclic and polymeric acetylenicphosphazenes of approxi-
mate structure [(CgH5C=C)PN]y, have been prepared by the
reaction of alkali phenylacetylide salts and dichlorophospha-
zenes, [Cl2PN]y. The poly(acetylenicphosphazenes) are
readily brominated and are potential intermediates to a
variety of novel polyphosphazenes, such as poly(fluoroorgano-
phosphazenes) and poly(ethylenicphosphazenes).

Preparation of cyclic or linear perfluoroalkoxyphosphazenes
was unsuccessful. Alkali perfluoroalkoxides were prepared

in situ, via alkali fluorides and perfluorocarbonyl compounds,
and reacted with dihalophosphazenes, (C12PN)3, (F2PN)3, and
[C12PN], polymer.

Chlorination of trifluoroethoxyphosphazenes as a route to
cyclic or linear perfluoroethoxyphosphazenes was unsuccessful.

Preparation of perfluoroalkylphosphazenes via organometalli~
reagents and cyclic or linear dichlorophosphazenes was
unsuccessful. The organometallic reagents were selected from
RfMgBr, RgMgI, RfCu, and RgZnl, where Rf = n-~C3F7y.

A cyclic perfluoroaryloxyphosphazene [(CgF50),PN]3, was
prepared but failed to polymerize at elevated temperature.
Directed preparation of linear [(CgFg0)oPN], polymer by
substitution of [Cl2PN]lp, polymer afforded an impure intractable
product.
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POLY (FLUOROORGANOPHOSPHAZENES)
1.0 BACKGROUND AND INTRODUCTION

Horizons Research Incorporated has conducted several research
programs towards the development of several poly(fluoroalkoxy-
phosphazene) copolymers as low temperature, high strength,
solvent resistant elastomers [Refs. 1-4]. This work has
advanced to a point where the utility of these materials for
the Army's longstanding requirement for fuel and solvent
resistant "Arctic Rubbers"”" is about to be realized. Other
programs sponsored by the Army and Naval Air Systems Command
have led to development of these materials as seals and O-rings
for use to 350°F. [Refs. 5-7].

Future materials requirements, particularly for aerospace applica- |
tions, specify elastomers which can perform in the 500°F to
600°F temperature region and beyond. Although attention at
Horizons has been focused on development of the poly(fluoro-
alkoxyphosphazenes) for the -65°F to 350°F temperature range,
substantial data exists which could justify the belief that the
polyphosphazenes are excellent potential candidates for service
in the region of 500°F and beyond.

Model oligomeric compounds such as [(C3F7CH20)2PN ]3 are stable

to reflux at 650°F [Ref. 8]. Studies conducted with Cl:2PN
oligomer/polymer mixtures [Ref. 9] at 1100°F gave no indication

of products which contained bonds other than those contained in
the starting mixtures. Short chain linear Cl2PN polymers which
were end capped with metal halides [Ref. 10] have long term thermal
stability at 1000°F in the absence of moisture.

]

The stability of the phosphorus-nitrogen bond and of the bonds in
the side chains in current materials indicates these materials may
be suitable for consideration for a 600°F elastomer. The reason
stability to 600°F has not been achieved in existing poly (fluoro-
alkoxyphosphazenes) may be related to one of two problems. The
first problem is that poly(fluoroalkoxyphosphazene) elastomers
have a tendency to undergo depolymerization at elevated temperatures
to form cyclic oligomers of the same chemical composition.
Polyphosphazene homopolymers [(CF3CH20)2PN], and [(CeHs0)2PN],

ot also molecularly degrade thermally, cyclic oligomers being the




predominant products [Ref. 11,12]. The depolymerization rate
varies from sample to sample, even though the samples are
prepared in a manner intended to give identical materials.
Depolymerization has been shown to be retarded by judicious
compounding and crosslinking, but improvements realized have
only increased serviceability to 400°F, at best.

The second problem that limits poly(phosphazene) technology
concerns polymer structure. The presence of -OCHy- bonds in the
known poly(fluoroalkoxy phosphazenes) may contribute to oxidative
and/or thermal degradation. Certainly such sites would be more
susceptible to chemical and solvent attack relative to a perfluor-
inated alkyl or ether site. Perfluorohydrocarbon groups are
desirable because of their inherent hydrolytic and chemical
resistance as well as their ability to withstand temperatures of
at least 700°F. [Refs. 13,14].

Under Contract No. F44620-76-C-0101 Horizons Research has
investigated the feasibility of preparing polyphosphazenes which
would be serviceable in the 500°F to 600°F range and possess
outstanding low temperature properties and solvent and chemical
resistance characteristics of the known poly (fluoroalkoxy-
phosphazene) elastomers.

Successful development of a 600°F elastomer would lead to greatly
improved gaskets, O-rings, seals, foams, hoses, etc., all necessary
for continued advanced aerospace progress. This technology would
also be applicable to low molecular weight materials such as
lubricants and fluids.

Development of improved poly (phosphazenes) has primarily been
structural in origin, that is, preparation of totally new -P=N-
materials. Syntheses of poly(perfluoroalkoxyphosphazenes),
poly (perfluoroaryloxyphosphazenes) and poly(perfluoroalkylphosphazenes)
have been explored. Two general approaches were considered;

firstly, preparation of an intermediary cyclic oligomer which would
subsequently be thermally polymerized as shown in equation (1);

and secondly, direct substitution on a linear poly(dihalophosphazene)
as shown in equation (2).

(C1,PN), + 6R.M > [(R.),PN],
kit £ -6MC1 £

(1)
A

[(Rg) ,PNJ 5 > [(Rg) 2PN]

(cat.)




(C1,PN), 200°C o [C1,PN],
(cat.) (2)

[C1,PN]_ + 2nRgM [ (Rf) ,PN]
" —2nMC1 > s

Where Rg¢ is selected from CF,0, C,F;0, C.F,0,
CF (CF,) ,0, C,F,, and

M is selected from Na, K, Cs, ZnI, MgI, MgBr

A novel approach developed near the end of the contract year,

and not shown above, involved attempted preparation of poly.
(acetylenicphosphazenes). Such materials are potential precursors
to poly (fluoroorganophosphazenes), although not necessarily

poly (perfluoroorganophosphazenes). The preparation of candidate

poly (phosphazenes) via poly(acetylenic phosphazenes). is shown in
Scheme 1.

It was anticipated that once the problems associated with the
preparation of homopolymers (which will probably not be elastomers)
are overcome, then the preparation of copolymers will be attempted.
Mixtures of different Rg groups or RfO- groups would be used to
prepare copolymers in an effort to disrupt crystallinity, in
instances where elastomers were desired.




2.0 DISCUSSION AND RESULTS

Summary of Highlights Under Contract No. F44620-76-C-0101:

(1) Both cyclic and polymeric acetylenic phosphazenes can
be prepared by reaction of alkali acetylide salts with dihalo-
phosphazene precursors. The poly(acetylenicphosphazenes) are
easily halogenated and are potential intermediates to poly(fluoro-
alkyl- and fluoroaryl phosphazenes).

(2) Preparation of cyclic or linear perfluoroalkcxy-
phosphazenes was unsuccessful. This is attributed either to
instability of alkali perfluoroalkoxides and/or side reactions.

(3) Chlorination of trifluoroethoxyphosphazenes as a route
to perfluoroethoxyphosphazenes was unsuccessful.

(4) Preparation of perfluoroalkyl organometallics and
subsequent reaction with dihalophosphazenes was unsuccessful.

(5) Hexakis(pentafluorophenyl) cyclotriphosphazene,
[ (CeFsO) 2PN] 3, was prepared but failed to polymerize at elevated
temperatures. A poly(perfluoroaryloxyphosphazene) was prepared
but the product was intractable and impure.

High molecular weight poly (phosphazenes)such as poly(fluoroalkoxy-
phosphazenes) and poly(aryloxyphosphazenes) are generally prepared
by reaction of the appropriate sodium alkoxide or aryloxide salt(s)
with high molecular weight poly(dichlorophosphazene) as shown in
equation (3).

2n RONa + [ClzPN]n ety | {ROY2PN] sy + 20NaCl (3)

Although high molecular weight plastics and elastomers would
eventually be desired for a variety of Air Force needs, high

molecular weight [Cl2PN], polymer was not used as a starting

material for the attempted synthesis of poly(fluoroorganophosphazenes).
Instead, hexachlorocyclotriphosphazene, (Cl2PN)3, and low molecular
weight [Cl2PN]  polymer were employed. The rationale for using the
cyclic model compound was as follows: Starting material and

product (s) could be monitored via gas chromatography, products




are easier to isolate and purify than polymer analogs, inability
to substitute the cyclic phosphazene would almost surely be
indicative of inability to substitute [Cl:PN] polymer, and
desired hexakis- (perfluoroorgano)cyclotriphosphazenes might be
capable of undergoing thermal ring-opening polymerization. Low
molecular weight [Cl2PN]_ polymer was employed to avoid viscosity
and diffusion related problems.

Preparation of several types of poly(perfluoroorganophosphazenes)
shown below was attempted.

Phosphazene Type Generic Formula
Perfluoroalkoxy (RfO) 2PN, where Rg = CF3, C2Fs, CF3
E=—C=
¢F,
Perfluoroalkyl (Rg) PN, where R¢ = n-C;3Fy
Perfluoroaryloxy (Arg0) 2PN, where Ar = C¢Fs

As discussed in Sections 2.2-2.4 little or no success was
encountered in the preparation of cyclic or linear polymeric
species of any of these types.

The lack of success in preparing poly(perfluoroorganophosphazenes)

led to investigation of a novel approach to preparing polyphosphazenes
not containing perfluoroorgano ligands bound to phosphorus, but

which could potentially be acceptable for Air Force needs. The
chemistry of this potential class of materials is outlined in

Scheme 1 of Section 1.0. The key factor in this scheme is the
preparation of poly(acetylenicphosphazenes). Work on these

materials came very late in the program. The results are very
encouraging and future work appears justified. Therefore, this

phase of work will be discussed initially in this section.




[C1,PN] !

+

2nRC=CM

[ (RCZC) 2PN]

I

8nCl, 8nCl)

[ (RCH=CH) PN]

v
[ (RCC1=CCl) 2PN] [ (RCC1,CC15) oPN]
[ (RCF=CF) oPN] [ (RCF,CF3) 5PNl
111 v

Where R is selected from lower alkyl, phenyl,
-COyCyHg, CF3, and
M is selected from Li, Na

1 SCHEME 1

Preparation of Poly (acetylenicphosphazenes)
and Derivatives
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2.1 Poly(Acetylenicphospl!.azenes), [RC=C) 2PN]

Highlights in this area are summarized:

(1) Both (Cl2PN)3 trimer and [C1l)PN], polymer undergo
rapld reaction with alkali phenylacetylide salts
to give acetylenic phosphazene products.

(2) The acetylenic phosphazene materials react with
bromine, have high melting points, and show good
thermal stability.

(3) Attempted substitution of P-Cl by HC=C-CO,CyHs5
fails because of the high reactivity of the ester
in the presence of even weakly basic materials.

Poly (acetylenicphosphazenes) (I) should be preparable by

reaction of alkali acetylide salts with [Cl2PN], polymer
as shown in Equation (4):

R
|
c
g
RC=CM
== {3 o«
C

-

Q="-0
=

where R is alkyl, aryl, and derivatives thereof.

The novel polymers (I) should be versatile intermediates for
a variety of novel polymers as shown in Scheme 1 of Section
1.0. Use of different R's would give copolymers or higher
interpolymers. This is important for decreasing crystal-
linity and achieving the elastomeric state.

Poly (fluoroalkylphosphazenes) such as [ (RCF=CF)Pi'l, (III)

and [ (RCF,CF2)2PN], (IV) should have good thermal and solvent
resistance and thus be capable of meeting many stringent Air
Force materials requirements. On the other hand, the unsatu-
rated polymers [(RCH=CH),PN], (V) and [(RC=C),PN], could show inter-
esting electrical properties because of the extended conjugated
system. Electrical effects in polymers V should be subject to




substituent changes in the meta or para positions when

R = CgHg. Polymers V, possibly even polymers I, might be
candidates in gas detection systems. McDonnell Douglas Air-
craft has reported that some poly(phenylacetylenic) materials
may be useful in gas detector systems [Ref. 15].

The successful preparation of soluble phosphorus-carbon
containing polyphosphazenes from [C1lPN], polymer has not

been described previously. Reaction with organometallic
reagents has led to extensive molecular degradation [Refs

16, 17]. Soluble phosphorus—-carbon containing polyphosphazenes
have been synthesized by other routes [Refs. 18-21]. 1In most
of these instances phenylated polyphosphazenes were prepared
from [F2PN], polymer [Ref. 18], by polymerization of the
costly intermediate (CgHg)Fs5P3N3 [Ref. 19], or from CgHgPCly
by reaction with sodium azide [Ref. 20]. The [F3PN], polymer
is produced in low yield by the very high temperature

(ca. 350°C) polymerization of [F3PN]3 which is not commerci-
ally available, unlike (C1lj3PN) j. Lastly, arylated poly-
phosphazenes with degrees of polymerization of seven or less
have been described [Ref. 21]. These polymers were prepared
by several condensation procedures, namely reaction of
bisphosphine and a diazide, reaction of a bis(dichloro-
phosphorane) and a diamine, reaction of a bisphosphine with

a diamine in the presence of carbon tetrachloride.

The initial work conducted on poly (acetylenicphosphazenes)
utilized sodium phenylacetylide and (Cl1,PN)3 in tetrahydro-
furan solvent. A highly substituted product was obtained
which contained halogen. Similar substitution of (Cl;PN)3
could be achieved using the more soluble lithium phenyl-
acetylide. This salt could be prepared by reaction of the
sodium salt with lithium chloride or preferably by reaction
of phenylacetylene with lithium metal.

A product was obtained which contained 61.8% carbon and 6.0%
chlorine and which showed a strong IR absorption at 2170 cm~1,
attributed to the -C=C- group. This product took up about
57% bromine upon reaction with bromine in carbon tetrachloride
at room temperature. The brominated product no longer showed
an IR absorption at 2170 cm~1l.

The reaction of lithium phenylacetylide was extended to low
molecular weight ([n] = 0.08 dl/g) [Cl,PN], polymer at
ambient temperature and at reflux (ca. 68°C). Soluble and
insoluble (presumably crosslinked polymer) fractions resulted
which were spectrally (IR) identical and which did not melt
up to 320°C. The soluble fraction from the room temperature
run had an intrinsic viscosity [n] of 0.06 dl/g, indicative
of low molecular weight polymer. Percent chlorine content

o
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of the soluble and insoluble fractions were 2.9% and 6.1%,
respectively, (%Cl in Cl,PN is 61). Surprisingly, the over-
all product yield exceeded theory. This may be due to
further addition of CgHzC=CLi to P-C=C-CgHg sites. Good
isothermal aging of the completely unoptimized fractions w23
obtained. Weight loss in air after 24 hours @ 200°C was 6%
and 0% for the soluble and insoluble fractions, respectively.

Attempts to react the model trimeric (Cl2PN)3 with ethyl
propiolate (HC=CCO2CyHg) were unsuccessful due to the great
propensity of the propiolate to undergo base catalyzed
addition reactions. The weakly basic pyridine was sufficient
to cause rapid side reaction of ethyl propiolate in the
absence of (C12PN) 3.

2.2 Attempted Preparation of Poly (perfluoroalkoxy-
phosphazenes), [(RfO),PN],

Highlights in this area are summarized:

(1) The reactions between alkali perfluoroalkoxides with
either [Cl,PN], polymer, (C17PN) 3 trimer, or (FPN)j
trimer did not yield the desired perfluoroorgano-
phosphazenes.

(2) Major problems appear to be associated with limited
stability of the alkali perfluoroalkoxides and to side
reactions affording inorganic product (s).

(3) Chlorination of (CF3CH20),(PN)3 or of [(CF3CH20)PN]p
polymer above 100°C using peroxide catalyst is not a
viable route for the preparation of CF3CClj;0-containing
phosphazenes.

Ideally poly (perfluoroalkoxyphosphazenes) could be prepared
by reaction of halophosphazene with an alkali perfluoroalk-
oxide as shown in Equations (5) and (6).

(C12PN)3 + 6RgOM —» [ (R£O) 5PN]3 (cyclic) (5)
[C12PN], + 2n REOM —> | (RgO) ,PN] A(cat‘) (6) |

where M = Na, K, Cs
Rf = perfluoroalkyl




The perfluoroalkoxide salts would be considerably less basic
and therefore less reactive than previously used polyfluoro-
alkoxide salts derived from CF3CHZ0H or H(CFCF,) ,CH20H
alcohols, where n = 1, 3 or 5. An additional problem is
that when Rf is straight chain, the RfOM salts become
thermally unstable [Refs. 22, 23]. Increasing temperature
increases the vapor pressure of the system because of a
shift of the equilibrium to the left. The preparation of
RfOM salts is shown in Equation (7).

0
[}
KeCF + MF === R;CF,0M (7)

where M. = K, Cs
Reg = B, CPy and
RfCFz = Rf

Preparation of alkali heptafluoroisopropoxide salts from
commercially available hexafluorocacetone and alkali fluorides
is well known as shown in Equation (8). These isopropoxide
salts are stabler than RgCF,OM salts and have been used in
substitution reactions of organic halides at temperatures

of about 80°F [Ref. 24].

2 ik
c| =0 + MF —— F(|Z—O—M (8)
CFj CF3

M = K, Cs

However, the extremely weak basicity and increased steric
hindrance of this salt would be expected to significantly
reduce reaction rates with P-Cl sites compared to the
primary RgOM salts, all other things being equal.

Preparations of CF30M and CyFg0M and subsequent reactions
with halophosphazenes were car: ied out in a small autoclave.
Excess carbonyl fluoride or trifluoroacetyl fluoride was
introduced at dry ice temperatures to a mixture of solvent
[bis (2-methoxyethyl) ether (diglyme) or acetonitrile) and
alkali fluoride. The autoclave was mildly agitated over-
night prior to addition of chlorophosphazene and additional

-l0=
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organo fluoride reagent. The frequent caking of solids at
the bottom of the autoclave indicated very inadequate mixing.
It is strongly recommended that any future work in this area
be carried out with a stirred autoclave.

Cesium pentafluoroethoxide was prepared from CsF and CF3COF
and reacted with (F3PN)3 in CH3CN at 25-80°C, and also with
low molecular weight [Cl2PN]p polymer. An identical product,
which did not show a P=N band in the infrared and is believed
to be totally inorganic, was isolated from both reactions.
The [C1l2PN], polymer had an intrinsic viscosity of 0.17 dl/g
in benzene at 30°C.

Cesium trifluoromethoxide was reacted with [Cl,PN], polymer
in CH3CN at 25-77°C. A solid product was obtained which
again appeared to be totally inorganic as indicated by
elemental and IR analysis.

The above reactions were likewise disappointing when diglyme
was substituted for acetonitrile as solvent. Cesium tri-
fluoromethoxide and pentafluoroethoxide were reacted with
[C12PN],, polymer in diglyme at 25-80°C. Either little or

no reaction was obtained with or without Crown ether catalyst.
An inorganic solid was obtained which was similar to a solid
isolated from a prior reaction between cesium pentafluoro-
ethoxide and (F2PN)3 trimer. This latter solid was shown

to be inorganic by elemental and IR analyses.

The reaction of potassium pentafluoroethoxide with (C12PN);

at 25-76°C in diglyme and with Crown ether catalyst afforded {1
a small amount of solid which in part could be the desired 1
perfluoroethoxy polymer as suggested by IR. However, these
results are not conclusive. The product appeared to hydro-
lyze on workup with water. It may be necessary to carry out |
the workup below room temperature.

Chloride ion might be detrimental to the stability of a

poly (perfluoroorganophosphazene) formed via reaction of
[ClzPN]n polymer with a perfluoroalkoxide. To safeguard
against this possibility, an attempt was made to prepare
the [FZPN]n polymer from the [ClzPN] polymer by reaction
with KF in diglyme at 25-88°C using a Crown ether catalyst.
However, the [FyPN], polymer precipitated at the end of the
reaction. This precipitation was due to insolubility of the
polymer in diglyme since it could be dissolved in Freon E-3.
However, it would be difficult to dissolve the perfluoro-
alkoxides in E-3 for subsequent reaction with the [F,PN]p
polymer.

=] ]=




The reaction between potassium perfluoroisopropoxide (formed
in situ by reaction of KF and hexafluoroacetone) and (Cl,PN)3
trimer in diglyme at 25-79°C using a Crown ether as catalyst
did not yield the desired perfluorocalkoxy trimer. Gas
chromatography on the reaction mixture before workup
exhibited only the diglyme peak, no other products were
detected. It is possible that the desired product is
unstable at room temperature or above and the reaction work-
up may have to be conducted below room temperature.

To test this hypothesis the reaction was repeated at a lower
temperature (0-5°C) in tetrahydrofuran. Again, gas chroma-
tographic analysis indicated substantial conversion of
trimer but no formation of volatile products. A product was
obtained in low yield which was insoluble in tetrahydrofuran
or Freon E-3, but was soluble in water. These properties
coupled with lack of gas chromatographic response rule out
desired product. Further characterization was not under-
taken.

Possible product instability of -OC(CFj3) oF containing hetero-
cycles in the presence of reactants and/or inorganic materials
has been indicated in the literature [Ref. 25]. Specifi-
cally, 2,4,6-tris(perfluoroisopropoxy)-s-triazine was pre-
pared from KF, CF3COCF3 and diglyme by addition of cyanuric
chloride, (C1lCN)3, maintaining the temperature at -10°C to
3°C, followed by an ice temperature workup. In this manner
the high boiling (187°C) product could be obtained in high
yield. Higher reaction or workup temperatures led to
decreased yields.

The reaction of potassium perfluoroisopropoxide with (F3PN)3
at 25-65°C was likewise discouraging. Gas chromatographic
analyses indicated consumption of (F2PN)3 but did not indi-
cate formation of volatile products. The (F3PN)3, which
had been prepared by reaction of (Cl2PN)3 with NaF, was
selected for the above reaction because of the lower

steric requirement of F over Cl and to rule out possible
side reactions due to nucleophilic attack by chloride ion
on product.

The inability to prepare perfluoroalkoxy phosphazene via a
reaction with perfluoroalkoxides led to exploration of an

alternate synthesis. In this approach, as shown in Equa-

tions (9) and (10), the cyclic oligomer [ (CF3CF;0)3PN]j3

w]Pw
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was desired as a model for thermal ring opening polymerization.

(C1,PN) y + 6CF3CHONa ———> [(CF3CH0),PN] (9)
Cla FO
—lp [ (CF3CC120) ,PN] 5 y [(CF3CF20),PN]4 (10)

The chlorination of analogous materials has been reported [Ref. 8].
Subsequent perfluorination should then be possible by reaction with
KF in a high boiling polar aprotic solvent. This halogen inter-
change is well known [Refs. 26, 27].

Chlorination at 90°C was attempted with Cl,; in carbon tetrachloride-
hexachloroethane using benzoyl peroxide catalyst. A variety of high
boiling specie, presumably polychlorinated derivatives, were pro-
duced as evidenced by gas chromatographic analysis at 250°C.
Repetition of this work using chlorine which had been predried

by passage through concentrated sulfuric acid led to relatively
little reaction. Complete substitution of available -CH sites

to afford the single desired product did not appear to warrant
further investigation.

The attempted chlorination of [(CF3CH20)2PN]n polymer in Freon E-3
at 120-152°C was likewise discouraging. ~A product was obtained
which contained only 1.9% chlorine.

2.3 Attempted Preparation of Poly(perfluoroalkylphosphazenes),
[ (Rf) 2PN] 5

Highlights in this area are summarized:

(1) The reactions between C3F;MgBr and [Cl,PN]3 gave recovered
trimer and an undesired product. The 1n situ preparation
of C3F9yMgI from C3F5I and Mg in the presence of trimer
cannot be carried out because trimer reacts with magnesium.

(2) A suitable formation of C3F,Cu for reaction with the
(C1,PN]3 trimer or [Cl,PN], polymer did not succeed.

(3) Reaction of C3F7ZnI with [Cl,PN], polymer may give some
of the desired i1nterchange.

S Another approach to form perfluorinated polyphosphazenes involved
in situ preparation of organometallics, such as RgMgBr, RgMgI, RgCu, and
ReZnI, for their subsequent reactions with (C12PN73 trimer or
[C1,PN], polymer.

-13-
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The desired perfluoroalkyl Grignard could be generated

via exchange reactions between CgHgMgBr or CpHgMgBr and
n-C3F7I. These reactions are known to be guantitative and
rapid in ether solvents [Refs. 28,29]. The interchange as
shown in equation (11) must be carried out at very low
temperatures because of the instability of the R MgBr reagent.

RMgBr +n-C3F71 > n-C3F7MgBr + RI (11)
i -70°C to -40°C

Poly (perfluoroalkylphosphazenes) would be expected to show
high thermal stability and excellent resistance to strong
acids. Poly[bis(trifluoromethyl)phosphazene], [(CF3) PN]

of unknown molecular weight has been prepared from bls(trl-
fluoromethyl)azidophosphine, (CF3),PN3 [Ref. 30], and from
bis(trifluoromethyl)dichlorophosphinic amide, (CF3)2P(C12)NH2
[Ref. 31]. The polymer decomposes near 380°C and is stable
to boiling sulfuric acid. The two direct routes for the
preparation of [(CF3),PN], polymer were not considered for
the current study because starting materials are difficult to
prepare, scale-up could present a problem, and little is
known about molecular weight control.

The reaction involving the CBHSMgBr, n-C3F7I and trimer in
ether at 5-8°C gave recovered trimer and a solid which by

IR was not the desired product. Another reaction involving
CoHgMgBr under similar conditions gave primarily recovered
trimer and a small amount of an unknown which showed no

P-N absorption in the IR. From the above results, it appears
the n-C3F;MgBr decomposes at a faster rate than its desired
reaction with trimer.

Any attempt to form n- C3F7MgI in situ from n-C3F7I and Mg
for its subsequent reaction with (C1,PN)3 trimer would not
succeed in the presence of trimer. This is because a rapid
reaction occurs between trimer and Mg in tetrahydrofuran at
room temperature.

The formation of n-C3F5Cu from n-C3F7I and Cu using complexing
agent (diglyme and y-collidine) at 25 125°C did not succeed.
Conventional complexing agents such as N,N-dimethylformamide

or dimethylsulfoxide were not employed because they can interact
with trimer [Ref. 32]. Diglyme and y-collidine did not appear

to complex the n-C3F7Cu sufficiently to prevent its decomposition
at elevated temperatures.

-14

s .




Lastly, the zinc organometallic reagent n-C3F9Znl was

prepared from Zn and n-C3F7I for study with chlorophosphazenes.
This zinc reagent was expected to have good organic solubility
as well as increased thermal stability relative to the cor-
responding Grignard reagent. Reaction of n-C3F7ZnI with low
molecular weight [Cl,PN], polymer (n=0.10 dl/g) at 35°-120°C
led to isolation of a chloroform soluble viscous brown oil.
Infrared indicated P=N and % = bands, and possibly P-Cl

bands. Interference made it difficult to determine the presence

of CF3 or CF, absorption. The presence of incomplete subst%tution

was confirmed by a positive Beilstein test and by crosslinking

of the product upon standing at room temperature for two days.

In an attempt to attain a higher degree of substitution the

reaction was repeated at 100-120°C for 5 days. Essentially 1
no chloroform soluble phosphazene product was isolated. §

Poly (perfluoroaryloxyphosphazenes), [(C6F50)2PN]n

Highlights in this area are summarized:

(1) In the preparation of the [(C F50) ,PN],, polymer from
[C1,PN],, only impure polymer in low yield was obained.

(2) The thermal polymerization of [(C6F50)2PN]3 trimer did
not succeed.

In order to circumvent the uncertainties of reagent purity and
instability encountered with the perfluoroalkoxides described
in Section 2.2 sodium pentafluorophenoxide was chosen for
study for reaction with chlorophosphazenes.

The reaction of sodium pentafluorophenoxide with low molecular
weight [C1,PN] polymer in diglyme at 25-135°C gave a 13%
yield of product, thought to be the impure [(CGFSO)ZPN]n
polymer, as evidenced by IR and elemental analyses. The
relatively low chlorine content (0.29%) was indicative of
effective substitution. However, the discrepancies of carbon
and fluorine content with theory indicate substantial side
reaction had occurred.

The sealed tube (318-340°C) polymerization of [(CgF50),PN]3
trimer (0.4 g), prepared from (Cl,PN)3 and CgFs0ONa, afforded

a brown solid which was not the desired product by IR analysis.
A rapid decomposition occurred as evidenced by the disintegra-
tion of two sealed tubes when larger quantities (1 g) of
trimer were heated in smaller volumes.
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3.0 CONCLUSIONS AND RECOMMENDATIONS

Preparation of novel perfluoroorganophosphazenes via substitu-
tion reactions of dihalophosphazenes does not appear to warrant
further investigation.

Novel poly(acetylenicphosphazenes) are preparable via reactions
of alkali acetylide salts and dihalophosphazenes. Poly-
(acetylenicphosphazenes) are potential candidates for the prepa-
ration of poly(fluoroorganophosphazenes) and poly(ethylenic-
phosphazenes). Therefore, this area requires further study to
determine the full range of this potential. Recommended work

to be done is as follows:

(1) Study reaction parameters (mode of addition,
solvent, temperature) to eliminate cross-
linking and to achieve complete substitution
of P-Cl sites.

(2) Determine effects of acetylinic structure
on substitution reaction and on polymer
properties.

(3) Convert poly(acetylenicphosphazenes) to
ethylenic and polyfluorinated derivatives.

(4) Determine likely applications for selected
candidate polymers.
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4.0 EXPERIMENTAL *

Attempted Preparation of Poly[bis (phenylethynyl)-
phosphazene] [ (CgH:C =C) oPN] ,,

Lithium phenylacetylide was prepared under nitrogen by
reaction of lithium metal (1.73 g, 0.25 mol) with phenyl-
acetylene (28.1 g, 0.275 mol) in dry tetrahydrofuran

(100 ml). The reaction was completed by refluxing one
hour. The lithium phenylacetylide solution (125 ml) was :
added dropwise under nitrogen to a solution of [Cl2PN]p '
polymer (7.94 g, 0.0685 mole equiv.; [n] = 0.08 dl/g
benzene, 30°C) in benzene (50 ml) containing phenyl-
acetylene (5 ml). The temperature was maintained at
23-31°C. Approximately one-half (100 ml) of the reaction
mixture was poured off for workup while the remainder was
refluxed (68.5°C) for 32 hours. The poured off portion
was suction filtered to give black solids which weighed
9.8 g after washing with methanol (3 x 100 ml) and
vacuum drying. The black filtrate was evaporated to

give a black gummy solid (15.3 g) to which petroleum
ether (150 ml) was added. The petroleum ether insoluble
solid was filtered off, washed with methanol (6 x 40 ml),
and vacuum dried to afford 6.8 g [Sample 2495-35A]. The
petroleum ether filtrate solids dried to 3.0 g [Sample
2495-35B)} which was soluble in tetrahydrofuran. Infrared
spectra of the A and B samples were identical. Both
samples gave positive Beilstein, with A giving a much
stronger test.

The refluxed portion of the reaction could not filter
readily and was diluted with tetrahydrofuran to a volume
of 200 ml and then centrifuged. The workup then essen-
tially followed as described above to give Samples
2495-36A (10.2 g) as a dark brown solid and 2495-36B
(2.6 g) as a lighter brown solid soluble in tetrahydro-
furan (THF). The results are tabulated.

*The examples in this section have been selected as
representative of the chemistry discussed in Sections
2.1 - 2.4.
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Reaction Elemental Analysis(a)
Sample No. | Tempera- Yield THF 2 % %
2495- ture (g) Solubility C H cl
-35A 6.8 o 66.28 4.02 6.12
Ambient
~35B 3.0 +®) | 58,21 4.58 2.85
~36A 10.2 - -- ~— -
Reflux
-36B 2.6 + - - -

(a) Calculated for [(C6H5CEEC)2PN]n: Cp, 77.73; H, 4.05; C1, 0.
(b) [n] = 0.06 dl1/g, 30°C,.

The THF insoluble fractions were also insoluble in hexa-

methylphosphoramide (swells) and acetic acid, but slowly
dissolved in conc. H,S504.

4.2 Attempted Preparation of Hexakis (heptafluoroisopropoxy)-
cyclotriphosphazene

Procedure A, via (Cl5PN)3:

The potassium heptafluoroisopropoxide was prepared as
follows: Using a dry ice condenser hexafluoroacetone
(28.7 g, 0.172 mole) was bubbled into a mixture of
potassium fluoride (7.25 g, 0.125 mole; dried at 200°C)
and dry tetrahydrofuran (100 ml) at 19-30°C. To the
resulting stirred solution was added over 1 hour a solu-

N tion of hexachlorocyclotriphosphazene (7.25 g, 0.125 equiv.
P-Cl) in tetrahydrofuran (30 ml). The reaction was main-
tained at 0-5°C for 3 hours and then placed in the freezer
(-18°C) for 2-1/2 days. Gas chromatographic analysis
showed approximately 50% trimer conversion and no
products after 3 hours at ice temperature. The reaction
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mixture was filtered at ice temperature and the filtrate
concentrated by rotary evaporation to afford an opaque
liquid (4.8 g) which was insoluble in tetrahydrofuran or
Freon E-3 but was soluble in water and which did not show
any siynificant volatile components via gas chromatography.
Desired product should have different solubilities and be
detectable via gas chromatography; therefore, further
characterization was not undertaken.

Procedure B, via (F9PN)3

The potassium heptafluoroisopropoxide was prepared as
described above using potassium fluoride (6.44 g, 0.111 mole)
dry diglyme (50 ml) and hexafluoroacetone (20.0 g, 0.121

mole). Then hexafluoroCyclotriphosphazene (9.22 g, 0.037
mole) was added and the reaction stirred 2 days at room
temperature and heated 18 hours at 65°C. The reaction
mixture was cooled, white solid filtered off, and the
filtrate poured into ice water and extracted with ethyl
ether. The ether layer was dried with NaySO4 and ether
distilled off to afford a trace yield of product. Gas
chromatographic analysis of the reaction prior to workup
showed substantial conversion of (F2PN) 3 with only trace
quantities of other volatile components.

4.3 Attempted Preparation of Poly[bis(n-heptafluoropropyl)-
phosphazene]

A solution of n-heptafluoropropyl zinc iodide was prepared
as follows: Under nitrogen with good stirring a solution
of n-heptafluoropropyl iodide (Fairfield Chemical Co.;

25 g, 0.0845 mole) in diglyme (17 ml) was added over 2
hours at 20°C to a mixture of zinc dust (11.1 g, 0.170
mole; activated by washing twice for 1 minute with 2%
aqueous HC1l followed by water and methanol washing and
vacuum drying). After stirring overnight, the mixture
was filtered in a dry box. Titrimetric analysis of the
clear light amber-yellow liquor indicated 1.53 meq.
organometallic reagent per milliliter solution. A 40%
solution (7.8 g) of poly(dichlorophosphazene) (3.1 g,
0.027 mole equiv.; [n] = 0.10 dl/g, benzene, 30°C) in
diglyme (6 ml) was added dropwise at 35-60°C to the
organometallic reagent (43 ml, 0.066 mole). The reaction
was heated 20 hours at 120°C. Thereafter, it was cooled
to room temperature, suction filtered, and solids washed
with diglyme and petroleum ether. The insoluble white
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crystalline residue weighed 0.68 g. The filtrate was
initially concentrated using a rotary evaporator followed
by vacuum pump at 45°C. The resultant residue was a

brown viscous oil. The residue was diluted with chloro-~
form (50 ml) and washed thrice with ice cold 20% aqueous
HC1 (50 ml). The chloroform layer was dried over Na 504
and solvent evaporated to give a residue of 3.6 g. Infra-

red indicated -P=N- bands, some -P-NH bands and a questionable
P-Cl band. Interference prevented detection of CFj3 or

CF, absorptions. The product showed a positive Beilstein
test. The sample crosslinked upon standing over the weekend
at room temperature.

The above experiment was repeated with the following modi-
fications: The organo zinc reagent was added gradually

to the heated (80-100°C) solution of [Cl1,PN]  polymer and
the reaction maintained at 118 hours at 100-120°C.

After workup, the chloroform soluble product weighed 0.8 g.
and was largely diglyme based on infrared analysis.

Reaction of (Cl2PN)3 with Sodium Pentafluorophenoxide

PRSI

The sodium salt of pentafluorophenol was prepared under |
nitrogen by adding a solution of pentafluorophenol (20.3 g, |
0.110 mole) in diglyme(l5 ml) to a mixture of sodium hydried

(2.4 g, 0.10 mole) and diglyme (55 ml) at 5-10°C.

After 1 hour at 20°C a solution of (ClyPN)3 (10.5 g, 0.030 mol)

in diglyme (75 ml) was added dropwise at 15-20°C. The reaction
was kept at 21°C for 22 hours and heated at 70-80°C for 5

hours. The cooled reaction mixture was filtered, the solids
washed with chloroform, the chloroform layer washed with ice
water and dried over NajSO4. Removal of solvents and addition

of petroleum ether to the residue gave crystals which after
filtration and drying afforded 9.1 g, m.p. 107-109°C. Cooling

of filtrate afforded an additional 0.9 g., m.p. 104-106°C.

The combined solid product was recrystallized from heptane to

give 6.2 g, m.p. 111.5~112.5°C. 1Infrared and elemental

analysis indicated the product to be hexakis (pentafluorophenoxy)-
cyclotriphosphazene. Calculated for [(CgFg0)2(PN)]3; %C, 35.06;
$H, 0.0; %Cl, 0.0. Found: %C, 34.68; %H, 0.10; 3%Cl, 0.03. The
oily viscous material (23.5 g) obtained by removal of 0.9 g
solid fraction could not be vacuum distilled. Chlorine
analysis was 3.54% calculated for (CgFg0)5C1(PN)3, Cl 3.27%.

Polymerization of the crystalline hexakis derivatives was
attempted in a capillary melting point tube at 300 to 310°C

for 3-3/4 hours. Upon cooling, the melting point was 110-111°C
indicative of little or no change.
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4.5 Attempted Preparation of [(CgF50)PN]p

This experiment was similar to that described for the
reaction of CgF50Na with (C1,PN)3, except that 25 ml
diglyme was used with the pentafluorophenol and Crown
ether (1 g; dibenzo-18-Crown-6) catalyst was employed.

A 46% solution (10 g) of [ClPN]p, polymer (4.6 g, 0.08
equiv. P-Cl) in benzene diluted with diglyme (10 ml) was
added at ca. 25°C to the pentafluorophenoxide solution.
The reaction was maintained 19 hours at room temperature,
3 hours at 57-58°C, 17 hours at 95-100°C, and 22 hours at
127-135°C. The reaction was cooled, solids filtered and
washed with ether, water and methanol to give after drying
4.3 (13% yield), m.p. >370°C. The diglyme-ether filtrate
was evaporated to give an oily tar (7.6 g). The solid was
insoluble in N-methylpyrrolidinone, sulfolane, hexa-
methylphosphoramide, and Freon E-3 (polyfluorinated ether).
Infrared spectrum of the solid showed P=N and polyfluoro-
aryl absorptions indicative of the polymer [(CgFg0)oPN]p.
Elemental analysis calculated for [ (CgFs50)2PN]p:

%C, 35.06; %H, 0; %N, 3.41; %F, 46.21; 3%Cl, 0. Found:

$C, 29.91; %H, 0.31; 3N, 4.88; 2F, 37.07; SCL, 0.29.
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ao ABSTRACT

“Novel cyclic and polymeric acetylenicphosphazencs,of approxi-
mate structure [(CghHsC= =C) 2PN} y$have been preparced by the
recaction of alkali phony]acotylido salts and dichlorophospha-
zenes, [ClgP \]]4( The poly(acetylenicphosphazencs) are
readily bromlnated and are potential intermediates to a
variety of novel polyphosphazenes, such as poly (fluoroorgano-
phosphazenes) and poly (ethylenicphosphazenes).

Preparation of cyclic or lincar perfluoroalkoxyphosphazenes
was unsuccessful. Alkali perfluoroalkoxides were prepared

in situ, via alkali fluorides and perfluorocarbonyl compounds,
and reacted with dihalophosphazenes, (CLaBN) 5, (F2PN)3, and
[C1oPN] polymer.

Chlorination of trifluoroethoxyphosphazencs as a route to
cyclic or linear perfluorocthoxyphosphazenes was unsuccessful.

Preparation of perfluoroalkylphosphazenes via organometallic
reagents and cyclic or linear dichlorophosphazenes was
unsuccessful., The organometallic reagents were selected from
RfMgBr, RgMgIl, RfCu, and RfZnI, where Ry = n-C3F7.

“A cyclic perfluoroaryloxyphosphazene [(CgF50),PN]3, was
preparcd but failed to polymerize at elevated temperature.
Directed prcparatlon of linear [(CGFSO)szkh polymcr by
substitution of [Cl3PN)/}, polymer afforded an impure 1nerctabl
product.
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